A variety of dimensionless numbers related to momentum and heat transfer are useful in CVD analysis. These numbers arc not traditionally calculated by directly using reactor operating parameters, such as temperature and pressure. In this paper, these numbers have been expressed in a form that explicitly shows their dependence upon the carrier gas, reactor geometry, and reactor operation conditions. These expressions were derived for both monatomic and diatomic gases using estimation techniques for viscosity, thermal conductivity, and heat capacity. Values calculated from these expressions compared well to previously published values.
gas phase onto a solid substrate.
Since the often complex flow patterns inside a CVD reactor can greatly affect the purity and uniformity of the deposited film, it is important to be able to predict how they will change in response to changes in reactor conditions. While a complete computational model is required to provide detailed information regarding a process as complex as CVD, dimensionless numbers related to the flow can provide useful information on the relative magnitudes of various effects, such as how flow patterns vary with reactor operating conditions. These numbers are typically expressed in terms of viscosity, thermal conductivity, heat capacity, and density, as shown in Table I 
where: kB = Boltzmann constant(I.38049xi0 "23J/K) T= temperature (K)
= characteristic energy of interaction between molecules (J)
Excellentcurve-fits to thedata in Figure 1 aregiven by thefollowingformulae [4]:
In _i, = 0.557-0.145 ln(_ "-T) 
Using equations
(1), (5), (6), (7) , and ( values for the heat capacity are those given by equation (7) , so the estimated and published values are the same.
For hydrogen, the difference between the viscosity curves is less than 11%, less than 24% for the thermal conductivity curves, and less than 12% for the heat capacity curves. Since the purpose of this paper is to be able to get a rough idea of the type of flow inside a CVD reactor at various conditions, the errors in the estimated values for the thermophysical properties are low enough to allow a useful analysis.
Extrapolated

EXPRESSIONS FOR DIMENSIONLESS NUMBERS
The Prandtl number is the ratio of the Newtonian fluid properties [8] : v _tCp (9) ot k Substituting (1), (5) , and (7) into (9) yields a constant for the Prandtl number:
Substituting (1), (6) , and (8) into (9) yields a constant for the Prandfl number:
The Knudsen number is used to determine if a continuum approach is valid in analyzing a system. Generally, continuum fluid dynamics can be used to study flow for Kn<0.01. For 0.01<Kn<10, the flow is transitional. For Kn>10, a molecular approach must be used to describe the flow [9] . The Knudsen number is expressed as:
where:
In a dilute gas mixture in which species B is the predominant gas, any of the other species will most likely collide with a molecule of species B. The distance a molecule of A travels before colliding with molecule B may be expressed as [10] : Substituting equations (13) , and (14) into equation (12) 
The Reynolds number is the controlling parameter for forced convection.
In pipe flow, 
The Grashof number, which may be interpreted as the ratio of the momentum flux by free convection to that by diffusion, is useful in determining the magnitude of free convective
effects.
The Grashof number plays the same role in free convection as the Reynolds number does in forced convection [12] . No turbulence is expected for a Grashof number well below lxl0 +5 [13] . The ratio Gr/Re x is often used to describe the occurence of buoyancy effects. surface is located, is maintained at a temperature of 1800 K. The gas in the reactor consists of an helium carrier gas with a mole fraction of silane equal to 3x10 "4. The operating pressure is 1.01325x10 +5 Pa. The mass flow rate into the reactor is equal to 2.3x10 "5 kg/s.
To begin, values for various parameters needed to calculate the dimensionless numbers will be obtained from the given conditions: In calculating the Knudsen number, let species A be silane and species B be helium.
Physical parameters for helium may be found in Table 3 . For silane [16] : 
EVALUATION OF EXPRESSIONS FOR DIMENSIONLESS NUMBERS
Values for dimensionless numbers calculated using the expressions in this paper were verified against previously published values that were calculated using thermophysical properties obtained from a computational model of a CVD reactor [17] . The comparison is shown in Table 2 . Molecular weights and values for the collision diameter used to compute the dimensionless numbers are shown in Table 3 . The values computed using the expressions in this paper agreed well with those computed from values obtained from the computational model, such as thermophysical properties, average temperature, and average velocity. Since both the computational model and the expressions above calculated these parameters using estimation expressions based on kinetic theory, their agreement serves as a check on the derivation of the expressions for dimensionless numbers in terms of process parameters. 
CONCLUSIONS
Dimensionless
